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Use of Yeast-phase Antigens in a Complement 
Fixation Test for Histoplasmosis 


Ill. Preliminary Results With Human Sera 


By Cuartotre C. and Capr. Samuet Sastaw, MC, AUS* 


Recent reports from this laboratory have described a complement 
fixation test for the detection in immune rabbit sera of antibodies 
against Histoplasma capsulatum. In one study whole yeast-phase 
organisms were used as antigen (1); in the other, ground yeast-phase 
antigens were employed (2). Since ground antigens offered greater 
stability and clarity, they were employed in the studies with human 
sera. 

In evaluating the complement fixation test for human sera, we were 
confronted with the following questions: 

1. What is the potential value of the test as an aid to the diagnosis 
of histoplasmosis? 

2. Is there any relationship between histoplasmin skin sensitivity 
and humoral antibodies against the yeast phase of H. capsulatum? 

3. Does the skin test per se affect antibody levels? 

4. Do the cross reactions between H. capsulatum and Blastomyces 
dermatitidis noted in studies with immune rabbit serum (/, 2, 3, 4) 
and in guinea pigs (5, 6) occur in human material, and, if so, to what 
extent would they constitute misleading diagnostic criteria? 


Materials and M ethe ds 


Sera. Sera were classified into three groups. Group I consisted of 
sera selected at random from specimens submitted for routine Wasser- 
iiann and Kahn tests for which no skin sensitivity data were available. 
Group II sera were obtained from normal volunteers immediately 

“From the Department of Bacteriology, Army Medical Department Research and Graduate School, 
"he authors wish to acknowledge the technical assistance given by Shirley A. Knibb, B.S. 
(551) 
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prior to and 3 weeks after skin-testing with histoplasmin. All sera in 
group III were from skin-test-positive persons with proved cases of 
histoplasmosis. Antibody titrations were made within 24 hours of 
receipt of the sera, which were inactivated at 56° C. for 30 minutes 
before use. 

Skin tests. Tests and readings were made in accordance with the 
directive issued with lot H—40 histoplasmin.! Each of the volunteers in 
Group II received an intracutaneous injection (on the anterior surface 
of the forearm) of 0.1 ml. of a 1:1,000 dilution of test material. Read- 
ings were made 48 hours later and reactions showing induration or 
edema measuring 5 mm. or more in diameter were considered positive. 

Complement fixation test. The complement fixation test was con- 
ducted as described in our original report (2), except for the modifica- 
tions noted below. 

Antigens. Optimal dilutions of ground histoplasma antigens were 
determined by titration in the presence of strong positive serum 
obtained from persons in the acute phase of histoplasmosis. This 
antigen was prepared from the G-2 ? strain of H. capsulatum. In cross- 
reaction studies the A-5* strain of B. dermatitidis was employed as 
antigen. The optimal dilution for this antigen was determined by 
titration in the presence of serum from a proved case of systemic 
blastomycosis. 

Incubation. For comparative purposes, 4- and 18-hour periods of 
incubation at 3° to 6° C. were allowed for complement fixation in the 
first experiment. For reasons described below, all subsequent tests 
were incubated for the shorter period. 


Results 


Group I. In this experiment, 316 sera which had been submitted for 
routine Kahn and Wassermann tests were examined for antibody 
content. The sera were incubated for 18 hours at 3° to6°C. Eighty- 
five (26.9 percent) of these specimens fixed complement in serum 
dilutions varying from 1:10 to 1:40. Thirty-eight (12 percent) of the 
sera fixed complement through serum dilutions of 1:10; 35 (11 percent) 
through 1:20; and 12 (3.8 percent) through 1:40. This number of 
‘positives’ in “‘normal’’ sera seemed rather high for a specific test. 

The studies of Kent and Rein in amebiasis (7) demonstrated that the 
incidence of false positive reactions was considerably reduced when 
4-hour, rather than 18-hour, incubation periods were used. On the 
basis of these findings, 135 additional sera were titrated simultaneously 
in duplicate tests in which an incubation period of 4 hours at 3° to 

! The histoplasmin was prepared, standardized and supplied through the generosity of Dr. Arden Howell, 


Jr., Public Health Service, Duke University. 
2 Strain 715 (H. capsulatum) from the collection of Dr. N. F. Conant, Duke University. 


3 Strain 930 (B. dermatitidis) from the collection of Dr. Conant. 
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6° C. was allowed for fixation in one set, and 18 hours in the second. 
Optimal dilutions of antigen were previously determined with positive 
serum under the two different conditions of the test. As noted in 
table 1, after 4 hours’ incubation, only 8 or 5.9 percent of the sera fixed 
complement, as compared to 47 or 34.7 percent after 18 hours’ incuba- 
tion. In the 4-hour group, 6 (4.4 percent) serum specimens reacted 
at 1:10 dilution; 2 (1.5 percent) at 1:20; and none at 1:40. The 
positive serum control in the 4-hour test fixed complement in a dilution 
of 1:320, while in the 18-hour test, the titer was 1:640. The results 
tabulated in table 1 demonstrate that the titer of the positive serum 
control was reduced by only one dilution in the 4-hour test, while the 
number of test sera reacting at any dilution was considerably lower 
than in the 18-hour test. These findings suggest that the “positive’’ 
reactions appearing in the lower serum dilutions during the longer 
period of incubation were nonspecific. Therefore, in our subsequent 
studies with human sera, the time allowed for fixation of complement 
was limited to 4 hours. 


TaBLe 1.—Results of duplicate tests with 135 sera from normal volunteers, allowing 4 and 
18 hours at 3°-6° C. for fixation of complement, and employing an optimal dilution 
of G-2 ground antigen 


18 hrs. at 3°-6° C. 4 hrs. at 3°-6° C. 


Serum dilution Number | Percentage} Positive Number | Percentage; Positive 
of sera of sera control of sera of sera control 


reacting reacting | serum titer| reacting reacting | serum titer 


i 20 14.8 1:640 16 4.4 1:320 


' After 18 hours’ incubation, 4 of the 6 sera had nap Sten at ts 40, while 2 had reacted at 1:20. 
? Both sera had titers of 1:40 after 18 hours’ See 


Group II. The sera for group II were obtained from 207 normal 
volunteers who were skin-tested simultaneously with histoplasmin. 
Of this number, 118 were healthy civilian persons employed in the 
laboratories of the Army Medical Department Research and Graduate 
School and 89 were orthopedic patients at Walter Reed General Hospi- 
tal. This group represented a diverse geographic population including 
natives of 40 States, Canada, the Philippine Islands, Turkey, and 
Brazil. Only 13 were natives of the District of Columbia. 

As noted in table 2, 73 (35.2 percent) persons were skin-test-positive, 
and the sera of 16 (7.7 percent) fixed complement in low dilutions 
(1:10 to 1:40). Considering the group as a whole, 10 (13.7 percent) of 
the reacting sera were from the 73 skin-test-positive persons, and 6 (4.5 
percent) were from the 134 skin-test-negative individuals. Further 
analysis of these data reveals that among the sera from the civilian 
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group of 118 those which fixed complement in low dilution were from 
skin-test-positive persons originally living in areas considered endemic 
for histoplasmosis. None of the negative reactors in this set showed 
complement-fixing antibodies. On the other hand, all of the six serum 
specimens from skin-test-negative individuals which fixed comple- 
ment in low dilution were from Army patient personnel. This latter 
group, because of service tours in Army installations throughout many 
parts of the world, has undoubtedly been subject to a number of 
natural and protective immunizations not represented in the civilian 
group. However, since this latter observation is difficult to evaluate, 
calculations for this study (table 2) were based on the total number of 


207 volunteers. 


TaBLE 2.—Classification of 207 normal volunteers according to histoplasmin sensitivity 
and complement fixation capacity of sera 


Number of sera fixing com- 
plement 
Number of Percent 
persons Skin sensitivity to H-40 Serum dilutions Total | positive 
1:10 1:20 1:40 

134 | Negative__-____- 5 1 0 6 4.5 
Tote. 207 ll 3 2 


Twenty days after the intracutaneous administration of histo- 
plasmin, second specimens of sera were obtained from the 118 healthy 
civilian volunteers in group II. These were again titrated for anti- 
bodies with ground yeast-phase antigens of H. capsulatum The 
results of the complement-fixation tests were exactly the same as those 
observed with the first serum specimens taken from this group. Sera 
which did not fix complement before skin-testing were also negative 
20 days later, and the titers of the “positive” sera showed no increase. 
If a detectable antibody increase had occurred in the interim because 
of skin-testing with histoplasmin, it was of extremely short duration. 
Nevertheless, it can be assumed that the single skin test per se did not 
stimulate any antibodies which could be detected approximately 3 
weeks later. 

Group III. Sera from seven skin-test-positive, proved cases of 
histoplasmosis were titrated for antibodies against H. capsulatum. 
Three of the patients were in the acute phase of the disease. As shown 
in table 3, the serum of case 1, taken 15 days after the onset of illness, 
fixed complement through a dilution of 1:1280. Twenty-seven and 
42 days later, second and third specimens, respectively, showed a drop 
in titer to 1:640. A fourth specimen obtained op the seventy-eighth 
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TaBLe 3.—Results of com fixation tests employing an optimal dilution of G-2 
histoplasma antigen, pre po mah oa related data in 7 cases of histoplasmosis with positive skin 


tests 
Inter- Complement fixation titers, serum dilutions 
Serum 
vals be- 
Case speci- tween 
num- Phase of disease men speci- 1:10 | 1:20 | 1:40 | 1:80 | 1:160/ 1:320 | 1:640 | 1:1280 | 1:2560 
ber nam 
r 
(days) Percent 
1 (‘) 0 0 0 0 0 0 0 0 7 
2 12 0 0 0 0 0 0 10 85 100 
3 15 0 0 0 0 0 0 50 100 100 
4 36 0 0 0 50 100 100 100 100 100 
5 56 10 20 45 100 100 100 100 100 100 
gg a 1 () 0 0 50 100 100 100 100 100 100 
2 0 0 0 0 45 100 100 100 100 
0 0 0 0 0 60 100 100 100 
0 20 95 100 100 100 100 100 100 
2 30 0 35 100 100 100 100 100 100 100 
0 0 40 95 100 100 100 100 100 
2 30 0 45 95 100 | 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 
2 7 100 100 100 100 100 100 100 100 100 
3 7 100 100 100 100 100 100 100 100 100 
4 7 100 100 100 100 100 100 100 100 100 
5 7 100 100 100 100 100 100 100 100 100 
6 7 100 100 100 100 100 100 100 100 100 
! 15th day of illness. 2 13th day of illness. 3 Anticomplementary. 


0=no hemolysis (complete fixation); 100=complete hemolysis (no fixation); the titer was taken as being 
the highest dilution of serum showing 50 percent or less of hemolysis. 
Controls: Antigen—100 percent; complement—100 percent; cells—0 percent. 


day of illness had a titer of only 1:80, while on the one hundred and 
thirty-fourth day the serum fixed complement up to a 1:40 dilution. 
After the initial onset of the disease, this patient had shown gradual 
clinical improvement. 

The first serum specimen taken from case 2 on the thirteenth day 
of illness was positive at 1:40, 27 days later the titer of his serum had 
increased to 1:160. A single serum sample from case 3 taken in the 
acute phase of the disease fixed complement completely through a 
dilution of 1:160. 

Two serum specimens, collected 1 month apart, were obtained 
from three chronically ill patients (cases 4, 5, 6) whose diagnosis of 
histoplasmosis was of 2 to 5 years’ duration. The first serum samples 
from cases 4 and 5 fixed complement through 1:20 and 1:40 dilu- 
tions, respectively, while that from case 6 was anticomplementary. 
Second specimens from cases 4 and 5 each fixed complement through 
1:20 dilutions of serum. Serum specimens obtained from case 7 at 
weekly intervals for 8 weeks consistently failed to fix complement in 
serum dilutions of 1:10. 

The titers of the above sera from the three persons in the acute 
phase of the disease were significantly greater than any of the re- 
actions observed either in the sera from the chronic cases of histo- 
plasmosis or in normal sera. This observation is essentially in accord 
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with that made when sera were tested for antibodies with histo- 
plasmin by means of the collodion agglutination technique (8). 
Because of the limited amount of serum available from this group, 
the cross relationship between H. capsulatum and B. dermatitidis which 
had been noted in immune rabbit sera (1, 2, 3, 4) could be studied 
only with five human sera. These were titrated for antibodies with 
dilutions of ground yeast-phase antigens of both H. capsulatum and 
B. dermatitidis. As shown in table 4, one serum specimen having a 
titer of 1:160 with histoplasma antigen (223) fixed complement 
through a dilution of 1:40 with the blastomyces antigen. Two other 


TABLE 4.—Cross reactions in the complement fixation test employing optimal dilutions of 
ground antigens from the G—2 strain ce H. capsulatum and the A-5 strain of B. der- 
matitidis pa sera from proved cases of histaplecmente and blastomycosis 


G-2 antigen 


Controls 


Serum dilutions 


Comp. 


A-5 antigen 


Controls 


Serum dilutions 


Cells 


1:10 1:20 1:40 1:80 1:160 | 1:320 | Ant. | Comp. 


! Serum from proved cases of histoplasmosis. 
2 Serum from proved case of blastomycosis. 
0=no hemolysis (complete fixation); 100=complete hemolysis (no fixation); the titer was taken as being 


the highest dilution of serum showing 50 percent or less of hemolysis. 


sera (206, 225) which had reacted to histoplasma antigen in 1:20 
and 1:40 dilutions, respectively, fixed complement in 1:10 dilutions 
when blastomyces antigens were used. Two serum samples (325, 
327) from different cases of systemic blastomycosis with specific 
titers of only 1:10 did not react in the presence of the histoplasma 
antigens. These results, although unavoidably very limited in scope, 
were analagous to those observed in rabbit sera. 


| | 

Sera titer I 
1:10 | 1:20 | 1:40 | 1:80 | 1:160 | 1:320 | Ant. | | Cells f 
Percent I 

ee ee 0 0 75 100 100 100 100 100 0 1:20 
0 0 0 0 40 t 

0 0 0 60 100 | 
70; 100] 100 100 100 0 t 
P 

i | titer 0 

Percent 
10 9 | 100! 100| .100/ 100! 100| 100 1:10 al 
0 10 20 95 400 1:40 m 
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Discussion 


The primary purpose of this study was to develop a test for the 
detection of antibodies against H. capsulatum which would insure 
maximum specificity. Kent and Rein (7), in complement fixation 
studies of amebiasis, reported the value of a 4-hour incubation period 
in reducing the number of false positive reactions. The use of this 
time factor, rather than one of 18 hours, in the present work proved 
valuable in decreasing the reactivity of “normal” sera from 26.9 
percent at the longer incubation period to 5.9 percent at 4 hours. 
Thus, the 4-hour incubation period was confirmed in this study as a 
means of improving the specificity of the complement fixation test. 

Next, this study attempted to determine whether any relationship 
exists between skin sensitivity to histoplasmin (a filtrate of the 
mycelial phase of H. capsulatum) and humoral antibodies against 
the yeast phase of the organism. Results of this investigation suggest 
that such antibodies are more likely to occur in skin-test-positive 
persons. The positive serum reactions in this study, however, were 
far weaker than those observed in sera of persons with acute histo- 
plasmosis. 

The possible value of the complement fixation test as a diagnostic 
tool in histoplasmosis was suggested by the observation that the serum 
titers of three patients in the early acute phase of the disease was 
considerably higher than any reaction noted in the sera of “normal” 
persons. In one case, the gradual decrease of serum antibody from 
1: 1280 on the 15th day of illness to 1:40 on the 134th day, as well as 
the low titers observed in two chronic cases, and the complete absence 
of detectable antibody in a third, suggests that the humoral response 
of the host is transitory. The titers of the chronically ill persons 
known to have had the disease for 2 to 5 years did not differ appreci- 
ably from those observed in a very low percentage of individuals in a 
normal population which may or may not have been previously ex- 
posed to histoplasmosis. Thus, it is possible to assume that a high 
antibody titer against H. capsulatum may be of value to the clinician 
as an aid in diagnosis. In fact, culture for the organism in two cases 
in this series was instigated only after the marked antibady content. 
of the serum had been discovered. The-ease with which the organism 
was isolated by blood culture in this instance suggests that the test 
may also be of value in indicating the most propitious time for attempt- 
ing to isolate the organism, thereby facilitating rapid and certain 
diagnosis. Since similar results were recorded in our studies employ- 
ing the collodion agglutination technique (8), it is our belief that the 
continuation of serologic studies of an accumulated number of cases 
Will add substantially to the understanding of the exact nature of 
histoplasmosis. 
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There is relatively little data on complement fixation studies avail- 
able for comparative purposes. Salvin (9), using yeast-phase anti- 
gens, reported titers of 1:32 and 1:128, respectively, in single serum 
specimens from two patients with histoplasmosis. Furcolow, Bunnell, 
and Tenenberg (10) have reported interesting results in complement 
fixation studies employing histoplasmin as antigen. An accurate 
comparison between their data and ours is difficult, however, because 
of several factors: (1) Ground yeast-phase antigens were employed 
in our test, while histoplasmin was used in the above study; (2) our 
test is quantitative in that it employs the 50 percent end-point of 
hemolysis and serial serum dilutions, instead of a graded intensity of 
reactions with undiluted serum; (3) the stages of the disease have not 
been specifically designated in the cited studies. Despite these differ- 
ences, results indicate a similar trend. Furcolow et al. report that 
242 miscellaneous “control” cases yielded 5.4 percent reactions (3+ 
and 2+). Eight (5.9 percent) of our 135 random serum samples, 
and 16 (7.7 percent) of the 207 volunteers were positive in low dilu- 
tion, resulting in a total of 24 or 7 percent positive sera in a group of 
342 persons. These figures of 5.4 percent and 7 percent are remark- 
ably close for such small groups. The demonstration of antibodies 
in 8 of 9 proved cases and in 10 of 36 suspected cases of histoplasmosis 
by the Kansas group and the results obtained in this laboratory sug- 
gest the potential value of serologic tests as an aid to diagnosis. The 
accumulation of more data will be required before the tests can be 
adequately evaluated, however. 

The cross reaction between H. capsulatum and B. dermatitidis noted 
in our earlier studies with rabbit antisera (1, 2, 3, 4) was observed to 
occur as well in human sera, where the cross was again more marked 
between blastomyces antigen and histoplasma serum than between 
histoplasma antigen and blastomyces antisera. It should be noted 
that none of the available titers of blastomyces sera was higher than 
1:10. In Martin’s summary of 22 cases (11), including both cutaneous 
and generalized blastomycosis, the highest complement fixation titer 
observed was 1:32. Since we have found the immunogenic capacity 
of B. dermatitidis to be much less than H. capsulatum in rabbits (1), 
it is possible that the organism does not incite a marked antibody 
increase in the human host during any stage of the disease. If such a 
postulate is correct there is little danger that serologic data based on 
the use of either blastomyces or histoplasma antigen alone could be 
misinterpreted. However, until it is proved otherwise, it should be 
assumed that at some stage of blastomycosis the serum titer may be 
markedly increased, just as in histoplasmosis, and that in this stage 
of the disease the cross reaction with histoplasma antigen would also 
be increased. The serologic picture resulting from the use of histo- 


( 
( 
I 
V 
t 
li 

3 
ye 
pl 
pe 
in 
ab 

of 

of 
ind 
res) 
Was 
7 
to ft 


559 May 6, 1949 


plasma antigen alone would, in such an instance, be completely mis- 
leading. 

Histoplasma sera apparently react with blastomyces antigens in a 
ratio proportionate to the specific titer of the serum. As the titer 
increases with specific antigen, it increases also with blastomyces 
antigen. When both antigens are employed simultaneously it is 
immediately obvious that the titer with specific antigen is always 
several dilutions higher than with blastomyces antigen, and results 
are easily interpreted. Conversely, it is conceivable that a histo- 
plasma serum of high titer used only with blastomyces antigen could, 
as in the above, obscure exact diagnosis. For these reasons, both 
antigens will in the future be used in this laboratory with all sera 
suspected of having antibodies against either H. capsulatum or B. 
dermatitidis. 

During the development and use of serologic methods, the question 
often arises as to whether skin-testing agents per se stimulate anti- 
body production. Three weeks after ‘normal’ persons were given 
a single intradermal injection of histoplasmin, no stimulatory effect 
was noted. The sera of those persons previously showing some 
complement-fixing antibodies evidenced no detectable increase in 
titer; also, sera which had been negative prior to skin testing were 
likewise negative 20 days later. If any antibody response had oc- 
curred, it was of such a transient nature as to be absent approximately 
3 weeks after skin testing with histoplasmin. 


Summary 


1. A complement fixation test for histoplasmosis utilizing ground 
yeast-phase antigens of H. capsulatum has been described. 

2. Four-hour incubation periods at 3° to 6° C. for fixation of com- 
plement were less likely to yield nonspecific reactions than 18-hour 
periods. 

3. Sera from three cases of acute histoplasmosis fixed complement 
in high titer, while sera from three chronic cases did not vary appreci- 
ably from the titers found in a small percentage (5.9 to 7.7 percent) 
of a “normal” population. 

4. In a group of 207 volunteers, humoral antibodies occurred in 10 
of 73 skin-test-positive persons and 6 of 134 skin-test-negative 
individuals. 

5. Skin testing with histoplasmin did not incite any antibody 
response that was detectable 20 days after the tests. 

6. The cross reaction between H. capsulatum and B. dermatitidis 
was further demonstrated. 

7. The potential value of complement fixation studies as an aid 
lo the diagnosis of histoplasmosis was demonstrated. 
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Persistence of Fluoroscopic Screens 


By Wittarp W. Van ALLEN, B. Sc.* 


Radiographic intensifying and fluoroscopic screens, in common with 
other devices using phosphors for the conversion of radiant energy into 
visible light, exhibit the phenomenon known as persistence or lag. 
This means that the phosphor continues to emit light for an appreciable 
time after the exciting radiation has stopped. It has long been recog- 
nized that the light emission from a phosphor consists of two distinct 
types: fluorescence during excitation, and phosphorescence after exci- 
tation. These two types of emission differ from each other both in the 
mechanism by which they are produced and in their characteristics 
of wave length and duration. The phosphorescent emission is of 
longer wave length than the corresponding fluorescent emission and 
lasts for some time after the termination of the exciting exposure; 
whereas fluorescence occurs only during, or, at the most, for a few 
micro-seconds after excitation. The mechanism of these phenomena 


* Physicist, from the Rockville Laboratory, Division of Tuberculosis, Public Health Service. 
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has been discussed by Mott and Gurney (/), Hirschlaff (2), Riehl (3) 
and others. 

The screens used in roentgenography may be devided conveniently 
into three groups; the intensifying screens, fluoroscopic screens used 
for visual examination, and screens used in photofluorography. There 
is overlapping of the last two groups, since many screens are used both 
for fluoroscopy and photofluorography. Persistence in screens of 
each of these groups presents different aspects and assumes different 
degrees of importance. 

In the case of intensifying screens, persistence is negligible. In 
fact, the period of phosphorescence in those intensifying screens 
studied by this laboratory is so short that it cannot be measured by 
the methods to be described. 

Fluoroscopic screens are available with almost any degree of persis- 
tence ranging from a few hundredths of a second to many minutes or 
even longer. Fluoroscopic screens having a long persistence are ob- 
jectionable for diagnostic examinations since afterimages, due to lag, 
tend to obscure the outlines being observed whenever the screen is 
moved. Likewise the outlines of moving structures under observation 
are blurred. In view of the inefficient viewing conditions prevailing 
in fluoroscopy, therefore, it is important that screens used for this 
purpose have low lag. 

Persistence in screens intended for photofluorographic use has been 
the subject of much discussion and many complaints. With the de- 
velopment of techniques allowing or requiring exposures in rapid 
succession, the importance of persistence in screens becomes of greater 
moment. It is the purpose of this study to present quantative data 
on the persistence characteristics of commonly used screens and the 
effects of this persistence on the film. 

Two years ago the Electronic Laboratory of the Public Health Ser- 
vice measured the rate of decay of the persistence of a large number of 
screens (4). However, no attempt was made at that time to deter- 
mine the extent of objectionable effects resulting from screen lag. 
What is required in order to evaluate a particular screen is not only the 
rate of decay of phosphorescence, but also the total quantity of light 
emitted during the period of persistence. 

In order to measure and record the intensity and rate of decay of 
phosphorescence in an excited screen, the following apparatus was 
devised. A photoelectric cell of the multiplier type was arranged to 
receive the light emitted from the screen under examination. Since 
the light emitted during the period of excitation is several hundred 
times as intense as that emitted during the greater part of the period 
o! phosphorescence, a shutter of neutral density was arranged to 
operate in conjunction with the exposure control switch. During the 
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exciting exposure this shutter is interposed between the screen and the 
photocell and is withdrawn immediately upon completion of the 
exposure. The output ‘of the photocell is fed to the galvanometer 
string of an electrocardiograph which serves as a recording microam- 
meter. The electrocardiograph was used as the recording instrument 
merely because it was available and served the purpose. Obviously 
any other device of comparable sensitivity and low inertia would 
serve as well. For recording persistence of duration longer than a 
few seconds, a Micromax recorder of 5 millivolt sensitivity was used. 
Schematic diagrams of the apparatus and circuit are shown in figure 1. 
A typical recording is shown in figure 2. . The length and intensity of 


6666666666 

/ 
=x 


—> > 

os 

A 

22 TO recording 
instrument 


Figure 1 


the exciting exposure are recorded as the broad horizontal trace, and 
the persistence intensity is shown by the curve. The density of the 
shutter used was 2.48, corresponding to a transmission of 1/300. 
Hence the intensity of illumination during exposure is the average 


CORRECTION 


insert as page 562a in 
Public Health Reports Vol. 64, No. 18, May 6, 1949 
Tuberculosis Control Issue No. 39 


The legends for figures 1 to 10 in the article “Persistence of Fluoro- 
scopic Screens,” by Willard W. Van Allen were omitted. The legends 
follow: 


Figure 1. Schematic diagram of apparatus used for measuring the phospkores- 
cence of fluoroscopic screens. A, photoelectric cell; B, lead glass filter; C, 
neutral density shutter; D, screen under test; E, solenoid to operate shutter; 
F, voltage dividing resistors for photocell; G, light-tight cover; H, light-tight 
case and electrostatic shield; J, cables to batteries, main contactor, and recorder; 
K, exciting radiation. 

Figure 2. Typical record of the decay of posphorescence as recorded on an 

electrocardiograph. 

Figure 3. Curves showing the decay of phosphorescence for four different 
screens. A, after 0.1-second exposure; B, after 0.3-second exposure; C, after 
0.5-second exposure; D, after 1.0-second exposure. All exposures made at 85 
kv., 100 ma., through a phantom of 10 cm. of Masonite presdwood and at a 
target-screen distance of 40 inches. 

Figure 4. Schematic diagram of apparatus used to measure photographically 
the persistence exposure. A, unrestricted port to allow film to receive total 
exposure; B, shutter-controlled port to restrict film exposure to that due to 
persistence; C, shutter; D, solenoid to operate shutter. 

Figure 5. Curves showing the relation between the conditions of excitation and 
the quantity of light emitted by screens during the period of phdosphores- 
cence. 

Figure 6. Curves showing the average exposure due to persistence expressed as 
percentage of the exciting exposure. A, older D-type screen showing long 
persistence; B, recent D-type screen; C, 666D screen; D, E-2 type screen; E, 
B-type screen. ‘ 

Figure 7. Characteristic Density—Log Exposure curve for a typical photo- 
fluorographic film. Solid curve shows densities for normal exposure. Dashed 
curves show corresponding densities for exposures of 10%, 20% and 30%, 
respectively, of the exposures referred to the solid line. 

Figure 8. Curves showing the progress with time of exposures due to persistence, 
expressed as percent of the total persistence exposure. B, long-persistence 
screens, type D; C, medium-persistence screens, type 666D; D, short-persist- 
ence screens, type E-2 and B. (Curves labeled to correspond to figure 6.) 

Figure 9. Curves showing the rate of decay of phosphorescence after a series of 
3 exposures per minute for 1 hour. A, after the first exposure on a rested 
screen; B, after the last exposure of the series. All exposures are 0.3 second at 
85 kv., 100 ma., through 10 cm. of presdwood at a target-screen distance of 40 
inches. 

Figure 10. Curves showing the exposure due to persistence after a series of 
exciting exposures. 0.l-second exposures at the rate of 12 per minute for 5 
minutes. 0.3-second exposures at the rate of 3 per minute for 1 hour. All 
exposures at 85 kv., 100 ma., through a 10 cm. phantom of presdwood at a tar- 

get-screen distance of 40 inches. A, long-persistence D-type screen; B, short 

persistence D-type screen; C, 666D screen; D, E-2 screen; E, B-type screen. 
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Figure 2 


ordinate of the horizontal trace above the zero line multiplied by 300. 
The persistence intensities, expressed as percent of the exciting in- 
tensity, may then be readily determined for any time following term- 
ination of the exposure. Preliminary tests established the linearity of 
the system, and the inherent time delay of the apparatus and circuit 
as less than 0.02 second. 

Using this apparatus, curves showing the decay of persistence are’ 
readily obtained for any type of screen and under any desired condi- 
tions of excitation. Figure 3 shows decay curves obtained in this 
manner for four typical fluoroscopic screens. For the examples in 
figure 3, exposures were made at 85 kilovolts peak, 100 milliamperes 
through a phantom of 10 centimeters of Masonite presdwood ' and at 
a target-screen distance of 40 inches. Curve A shows the decay of 
phosphorescence following a 0.1-second exposure, and curves B, C, 
and D show the decay following a 0.3-, 0.5-, and 1.0-second exposure 
respectively. In each case the intensity of illumination is expressed 
as percent of the intensity during exposure. It will be noted from 
these curves that there is a wide variation in the persistence of phos- 
phorescence among these screens, at least during the period of low 
intensity. Attention should be paid not only to the time required for 
the intensity to fall to a particular fraction of the original brightness, 
but also to the slope of the decay curve at this point. For example, 
the B-type screen requires about 1 second to fall to 0.01 percent of its 
original brightness and the phosphorescence at this level is still de- 
creasing rapidly. On the other hand, by comparison, the other 
screens require a longer time to reach this level of brightness and the 
rate of decay at this point is much slower, indicating that phosphores- 
cence of low intensity will continue for a longer time. 


' A phantom of 10 cm. of Masonite presdwood has been shown by Chamberlain to be equivalent to the 
average chest. See Chamberlain, E. W.: Fluoroscopes and fluoroscopy. Radiology, 38: 383 (1942). 
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It is important, however, to consider the total quantity of light 
emitted during the period of phosphorescence, since it is this total 
quantity of light which determines the magnitude of adverse effects 
on the film exposed to it. Mathematically, this quantity of light is 
expressed by fi dt, where 7 is the intensity of phosphorescence at 
any time ¢t, and represents the area under the decay curve. This 
area may be measured directly by means of a planimeter, or the 
integral evaluated mathematically, provided the decay function can 
be discovered. The quantity of light may also be measured pho- 
tographically. Examination of the decay curves shows that the 
decay during the first few hundredths of a second may be closely 
approximated by an exponential function of the form 


while the greater part of the period of decay follows closely the 
hyperbolic form 


where: 7 is the intensity at any time ¢, 


iy is the original brightness during excitation, and 
a, b, c are constants readily determined from graphs. 
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Using these equations, values may be obtained by integration for the 
quantity of light emitted during phosphorescence. 

The following method was devised in order to obtain direct measure- 
ments by photographic methods of the light emitted during phos- 
phorescence, both as a check on the mathematical approximations 
described above and to take into account possible variations in the 
effect on the film due to quality of the light emitted. 

Apparatus, shown diagrammatically in figure 4, was constructed, 
consisting essentially of two sheets of steel pierced, as shown, by two 


Figure 4 


holes to allow transmission of light. A light-opaque shutter is 
arranged between the two metal sheets and operated by a solenoid 
in such manner that during the exciting exposure one of the two 
apertures in the plate is closed. The shutter opens immediately 
upon termination of the exciting exposure. The screen under exami- 
nation is placed on one side of the holder, a film on the other side 
and a suitable light-tight cover fitted in place. This cover is of thin 
aluminum to allow passage of the exciting radiation. Thus the film 
receives the total exposure through the unrestricted port, but only 
the exposure due to persistence through the other. Since the intensity 
of the total exposure under these conditions with film and screen in 
close proximity is much greater than it would be for the same exciting 
energy in a photofluorograph, it was necessary to place neutral filters 
of known transmission over the unrestricted port in order to reduce 
the exposure to a value which could be recorded on the film in its 
useful range. Also corrections are necessary for density produced on 
the film by direct roentgen exposure through the ports and shutter. 
The speed of the shutter was determined, and it was found that the 
shutter required 0.02 second to open after termination of the exposure. 

Using this apparatus, exposures were made under the same condi- 
‘ions of time, kilovoltage, current, and filtration as with the photo- 
-lectrie recording system. The densities recorded by the film through 
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the two ports were measured and each density corrected for fog, 
filtration, and direct roentgen exposure. From the characteristic 
D=\log E curve of the film the ratio of the exposure due to persist- 
ence to the exciting exposure was determined. These ratios were 
much lower than those predicted by the mathematical and mechanical 
determinations. The discrepancy was due to the time lag in the 
shutter and led to a greater appreciation of the rapidity with which 
the persistence exposure progresses, as will be shown below. When 
the exposure during the first 0.02 second was subtracted from the 
mathematically determined quantity, the results obtained photo- 
graphically checked closely with the other determinations. In fact, 
the values obtained by mechanical integration with the planimeter, 
by mathematical integration of the assumed functions, and photo- 
graphically, were so close that confidence could be placed in the 
adequacy of any one of the three methods..- 
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In order to investigate the factors determining the amount of per- 
sistence encountered under various conditions, tests were made ac- 
cording to the experimental techniques outlined above at 70, 85, and 
100 kilovolts, 25, 50, and 100 milliamperes and with exciting exposures 
of 0.1-, 0.3-, 0.5-, and 1.0-second duration. In each case the expo- 
sures were made at a target-screen distance of 40 inches through a 
phantom of 10 centimeters of presdwood. Curves showing the rela- 
tion between exposure and persistence for two types of screens are 
shown in figure 5. It will be noted that the persistence increases 
with kilovoltage, milliamperage, and time. In other words, the per- 
sistence increases as the intensity of excitation and the length of 
excitation increase. Furthermore, the increase in persistence with 
excitation intensity—that is, the brightness of the screen during 
exposure—is roughly proportional. These curves show the total 
quantity of light emitted during the period of phosphorescence. 
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Of greater interest, however, is the amount of persistence expressed 
as percent of the exciting exposure. Since, as pointed out in figure 5, 
the persistence is roughly proportional to the intensity of excitation, 
it is not surprising to find that, for exposures of equal duration, the 
exposure due to persistence is very nearly the same percent of the 
exciting exposure regardless of the intensity of excitation, at least 
within the range investigated. Figure 6 shows the average exposure 
due to persistence following exciting exposures in the range from 0.1 
to 1.0 second expressed as percent of the exciting exposure. Five 
types of screens are used as illustrations; curve A, for an older type 
of D screen showing considerable persistence; curve B, for a recent 
D-type screen; curve C, for a 666D screen; curve D, for an E-2 screen; 
and curve E, for a B-type screen. It will be observed that for short 
exposures the persistence exposure is relatively high, decreasing in 
importance as the length of the exciting exposure increases. This is 
of special interest in view of the present trend toward shorter and 
shorter exposures of increasing intensity. Thus exposures of 0.1 sec- 
ond on D-type screens may produce persistence exposures of from 30 
to 50 percent of the exciting exposure, whereas the same screens at 
exposures of 1.0 second produce persistence exposures of: less than 
20 percent of the original. 

By reference to the curves of figure 6 and to the characteristic 
D=log E curve of the film, it is possible to predict the effect on the 
film of this persistence exposure. The solid curve in figure 7 shows 
the characteristic D=log E curve of a typical photofluorographic film. 
The curves in dashed lines show the densities produced on a film for 
exposures of 10 percent, 20 percent and 30 percent, respectively of the 
exposures for the solid curve. That is, if a given exposure produces 
a density of 2, an exposure 30 percent as great would produce a density 
of about 1.2 and an exposure 10 percent as great would produce a densi- 
ty of about 0.35. Thus, if the amount of persistence is known, the den- 
sity produced by it can be read approximately from the appropriate 
curve directly below the corresponding exposure density on the solid 
curve. For example, suppose an exposure of 0.2 second using a screen of 
persistence shown by curve C in figure 6 produces a density of 1.5 on 
the film. ‘From figure 6 it is found that this exposure results in a 
persistence exposure of 10 percent. From figure 7 it is found that 
10 percent of an exposure producing a density of 1.5 results in a 
density of about 0.2. In this case, therefore, the persistence effects 
are negligible. 

Whether persistence exposures are negligible, as in the above ex- 
ample, or much higher, they will produce objectionable effects only 
if the film is moved from position after exposure. Obviously, if the 
film remains in position after exposure, the only effect of persistence 
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is to increase slightly the original exposure. It is after the film is 
moved or while it is in motion that fogging or afterimages can be 
produced. It is important, therefore, to see how the persistence 
exposure progresses with time. 

It has already been pointed out that the decay of phosphorescence 
during the first few hundredths of a second is very rapid, and only 
persistence of low level remains for any length of time. This was 
clearly demonstrated by the fact that a delay of 0.02 second in open- 
ing the shutter in the apparatus used for measuring persistence expo- 
sure photographically, resulted in a loss of from 20 to 60 percent of 
the persistence exposure. That is, from 20 to 60 percent of the per- 
sistence exposure, depending on the intensity and rate of decay of 
persistence, is completed in something like 0.02 second. 

Figure 8 shows the progress of the exposure due to persistence, 
expressed as the percent of the total persistence exposure which has 
occurred after a given length of time. Curve D is for screens of short 
persistence such as the B and E-2 type; curve C for 666D; and curve 
B for the D-type screens. Obviously, each type of persistence re- 
(uires its own curve; however, the curves shown indicate the general 
order of magnitude of the effect. 
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Of greater interest, however, is the amount of persistence expressed 
as percent of the exciting exposure. Since, as pointed out in figure 5, 
the persistence is roughly proportional to the intensity of excitation, 
it is not surprising to find that, for exposures of equal duration, the 
exposure due to persistence is very nearly the same percent of the 
exciting exposure regardless of the intensity of excitation, at least 
within the range investigated. Figure 6 shows the average exposure 
due to persistence following exciting exposures in the range from 0.1 
to 1.0 second expressed as percent of the exciting exposure. Five 
types of screens are used as illustrations; curve A, for an older type 
of D screen showing considerable persistence; curve B, for a recent 
D-type screen; curve C, for a 666D screen; curve D, for an E-2 screen; 
and curve £, for a B-type screen. It will be observed that for short 
exposures the persistence exposure is relatively high, decreasing in 
importance as the length of the exciting exposure increases. This is 
of special interest in view of the present trend toward shorter and 
shorter exposures of increasing intensity. Thus exposures of 0.1 sec- 
ond on D-type screens may produce persistence exposures of from 30 
to 50 percent of the exciting exposure, whereas the same screens at 
exposures of 1.0 second produce persistence exposures of ‘less than 
20 percent of the original. 

By reference to the curves of figure 6 and to the characteristic 
D=log E curve of the film, it is possible to predict the effect on the 
film of this persistence exposure. The solid curve in figure 7 shows 
the characteristic D=log E curve of a typical photofluorographic film. 
The curves in dashed lines show the densities produced on a film for 
exposures of 10 percent, 20 percent and 30 percent, respectively of the 
exposures for the solid curve. That is, if a given exposure produces 
a density of 2, an exposure 30 percent as great would produce a density 
of about 1.2 and an exposure 10 percent as great would produce a densi- 
ty of about 0.35. Thus, if the amount of persistence is known, the den- 
sity produced by it can be read approximately from the appropriate 
curve directly below the corresponding exposure density on the solid 
curve. For example, suppose an exposure of 0.2 second using a screen of 
persistence shown by curve C in figure 6 produces a density of 1.5 on 
the film. ‘From figure 6 it is found that this exposure results in a 
persistence exposure of 10 percent. From figure 7 it is found that 
10 percent of an exposure producing a density of 1.5 results in a 
density of about 0.2. In this case, therefore, the persistence effects 
are negligible. 

Whether persistence exposures are negligible, as in the above ex- 
ample, or much higher, they will produce objectionable effects only 
if the film is moved from position after exposure. Obviously, if the 
film remains in position after exposure, the only effect of persistence 


| 

0 
p 
q 
0 


—- 


May 6, 1949 


Log Exposure 
Figure 7 


is to increase slightly the original exposure. It is after the film is 
moved or while it is in motion that fogging or afterimages can be 
produced. It is importapt, therefore, to see how the persistence 
exposure progresses with time. 

It has already been pointed out that the decay of phosphorescence 
during the first few hundredths of a second is very rapid, and only 
persistence of low level remains for any length of time. This was 
clearly demonstrated by the fact that a delay of 0.02 second in open- 
ing the shutter in the apparatus used for measuring persistence expo- 
sure photographically, resulted in a loss of from 20 to 60 percent of 
the persistence exposure. That is, from 20 to 60 percent of the per- 
sistence exposure, depending on the intensity and rate of decay of 
persistence, is completed in something like 0.02 second. 

Figure 8 shows the progress of the exposure due to persistence, 
expressed as the percent of the total persistence exposure which has 
oceurred after a given length of time. Curve D is for screens of short 
persistence such as the B and E-2 type; curve C for 666D; and curve 
B for the D-type screens. Obviously, each type of persistence re- 
quires its own curve; however, the curves shown indicate the general 
order of magnitude of the effect. 
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Since it requires a definite time to move the film from position 
after exposure, these curves are important in considering the effect 
of persistence exposure on a film. In the case of short-persistence 
screens, curves C and D, over 30 percent of the persistence exposure 
has occurred at the end of 0.01 second and over 70 percent at the end 
of 0.1 second. Therefore, except in cases where high film speed is 
deliberately planned or required, as for example, in cine-roentgen- 
ography, it is almost impossible to move the film from position until it 
has received at least half of the total persistence exposure. If the 
total persistence exposure amounts to, say, 20 percent, only 10 per- 
cent exposure is left to produce harmful effects. Reference to figure 7 
shows that this exposure is practically negligible. The same argu- 
ment applies to the longer persistence type of screen, curve B, figure 8, 
provided the delay in moving the film is of the order of 0.1 second. 

So far only the persistence due to single exposures on a rested 
screen has been considered. It is characteristic of many screens, 
especially those of longer persistence, that, if exposures are repeated 
rapidly after intervals too short to allow the screen to recover com- 
pletely from phosphorescence, the persistence increases with each 
successive exposure until it reaches a value several times greater than 
for the first exposure of the series. The extent of this growth of 
persistence depends upon the exciting exposure and the rate of 
repetition. It is impossible to give here more than two examples of 
this effect, but they will serve to indicate the general nature of the 
phenomenon. In one case, the screens were given a series of exposures 
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of 0.1 second at intervals of 5 seconds for 5 minutes. In the other 
case, the screens were given a series of exposures of 0.3 second at 
20 second intervals for 1 hour. All exposures were made at 85 kilo- 
volts, 100 milliamperes, at a target-screen distance of 40 inches and 
through a 10-centimeter presdwood phantom. The persistence after 
the last exposure of the series was then measured as described above. 
The resulting decay curves are shown in figure 9. Curve A shows the 
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rate of decay after the first exposure, and curve B shows the rate of 
decay after the last exposure of the series. It will be noted that the 
increase in persistence is slight for the low-persistence screens B and 
E-2, somewhat greater for 666D and very much greater for the longer 
persistence D screens. Furthermore, the slope of the decay curve for 
the longer persistehce screens indicates that low intensity phosphor- 
escence may be expected to continue for some time; in many cases, 
hours. This is, of course, well known to those who have inadvertently 
exposed such screens to bright daylight. 

Figure 10 shows the exposures resulting from this persistence 
plotted against the elapsed time after the exposure. It will be 
observed that the short-persistence screens produce exposures of the 
same order as when rested and which are complete in a relatively 
short time, as indicated by the horizontal lines, curves D and E£. 
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Screens of the 666D and short-persistence D-type, curves C and B 
respectively, show persistence exposures which are essentially com- 
plete in 1 second, while the persistence of the older type D-screen is 
so great that it continues to increase for many minutes. Thus the 
exposure due to persistence of such a screen may amount to 50 percent 
of the exciting exposure during the 20-second interval between 
exposures, but will produce an exposure of 100 percent or more of the 
original after the last exposure of the series or if the series is inter- 
rupted during its course. Reference to figure 7 again makes possible 
a prediction of the extent of objectionable effects to be expected from 
such persistence exposures. 

Finally, limits of tolerance of persistence may be established from 
the curves of figure 7, and the choice of a screen for a particular 
application guided thereby. ‘Two examples will suffice to show the 
reasoning. The limits chosen are for example only and may or may 
not represent practical cases. Suppose that the maximum density 
resulting from the primary exposure is 2.0 and that fogging due to 
persistence must be less than 0.5. Further, assume that only single 
isolated exposures of 0.3-second duration are required. From figure 7 
it is seen that for a primary exposure density of 2.0 an exposure about 
15 percent as great will result in a density of 0.5. Figure 6 shows that 
screens represented by curves (, D, and E produce persistence 
exposures less than 15 percent and would therefore be acceptable. 
However, the persistence shown by curve B is only slightly higher than 
15 percent for this exposure and reference to figure 8 shows that 50 
percent of this exposure has been completed in 0.1 second. Hence 
this screen also would be acceptable provided the film was not moved 
from position for about 0.1 second, actually less. 

For the second example, suppose that a series of exposures of 0.3 
second at the rate of 3 per minute is to be made with the same con- 
ditions of maximum density and fog density as above. Also assume 
that any exposure after the series is complete may be disregarded 
(by sacrificing the next frame if necessary). Reference to figure 7 
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again sets a limit of 15 percent on the persistence exposure. From 
figure 10 we see that for exposures stipulated, only screens of the 
type illustrated by curves D and E provide persistence below the 
level indicated, although the exposure resulting from the screen 
shown by curve C is only slightly above this value. If the film 
remains in position, say 0.1 second before being moved, this screen 
also should prove satisfactory. 


Summary 


Experimental methods for determining the rate of decay and total 
quantity of persistence of phosphorescent emission from fluoroscopic 
screens are described. Graphs showing the rate of decay of phos- 
phorescence for several typical screens used in fluoroscopy and photo- 
fluorography and under various conditions of exposure are presented. 
The effects on a film of exposures resulting from persistence are 
discussed and the effect of repeated exposures on the persistence 
characteristics of screens is described. Factors influencing the limits 
of tolerance of persistence in screens are illustrated. 
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Demonstration of Tubercle Bacilli in Sputum Smears 


Selection of choice particles compared with various sodium 
hydroxide concentration techniques* 


By Georce A. Spenptove, M. D., Martin Cummines, M. D., and Ropert A. Parnope** 


For purposes of differential diagnosis in tuberculosis, there can be 
no doubt that cultivation or animal inoculation of pathological mate- 
rials are far more reliable than microscopic methods. There are situa- 
tions, however, where the latter methods can be used profitably. for 
example, in following the course of a patient after original diagnosis 
by cultivation and/or animal inoculation; or in the mass screeaing of 
large numbers of patients where cultivation techniques are not readily 
available. In such situations, the question of the most efficient smear 
technique arises. 

A few decades ago the preferred method of making sputum smears 
was to pour the specimen into a Petri dish on a black background and, 
with a platinum loop, to select bits of caseous debris or purulent 
material. This was done according to Koch’s suggestion (1): “It will 
not do to take any chance streak of mucus from the sputum, which 
consists not only of secretion from the diseased parts of the luags, 
but also of that from the bronchial tubes, saliva and mucus from the 
mouth and nose. We want to examine the secretion furnished by the 
diseased lung, and must therefore confine our attention to the ball-like 
yellowish masses, often to be found floating singly in the frothy vis- 
cous liquid, often however, forming the greater part of the sputum.” 
Within recent years, this method has been abandoned by many 
laboratories in favor of one of the numerous concentration techniques. 

Petroff (2), Hanks (3), Cameron (4), Nagy (5), and many others 
have advocated a change from the direct smear to a portion of the 
treated sputum in which the bacilli have been concentrated. Theo- 
retically such concentration of the bacilli seems practical; yet, in the 
case of small volumes of sputum and large volumes of digestants, 
concentration may not actually take place. Benzancon and Philibert 
(6) estimate the specific gravity of the tubercle bacillus to be between 
1.010 and 1.080, which leaves little advantage in centrifugation for a 
digestant such as 4 percent NaOH with a specific gravity of about 
1.040, or for 23 percent (10 percent anhydrous) trisodium phosphate 
which has a specific gravity of more than 1.060. 

*This study is based on duplicate examination of four series of sputum specimens numbering 500, 263, 
244, and 716, respectively. 

**S. A. Surgeons and S. A. Sanitarian (R), respectively, from the Tuberculosis Section, Communicable 
Disease Center, Public Health Service, Atlanta, Ga., in cooperation with the Division of Tuberculosis, 


Washington, D.C. Assisting in the preparation of this report were Drs. M. Frobisher, Jr., Stuart Willis 
and Carroll Palmer. 
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Centrifugation is not the only procedure of doubtful value. Steen- 
ken and Smith (7) state: ‘In preparing smears, routine decolorization 
with acid-alcohol containing 5 percent nitric acid may fail to detect 
bacilli that are only slightly acid-fast. In smears of material that 
has been previously digested with sodium hydroxide, the acid-fast 
property is prone to attenuation. This may be the explanation for the 
occasional case of a positive sputum or urine culture after negative 
smears.” 

Robinson and Stovall (8) say: ““NaOH has the disadvantage of 
being injurious to the organisms if left too long in’contact with them 
and may destroy their acid-fast character.” 

Using accepted sodium hydroxide digestion and concentration 
methods, Mishulow, Melman, and Romano (9) examined 369 specimens 
of sputum from 268 suspected and definite cases of tuberculosis. In 
each instance the result on examinations of direct smears prepared 
from selected flecks was as good as that prepared by concentration. 
These authors concluded: ‘It would therefore seem that by carefully 
selecting the material and thorough examination of the smears, more 
positive results may be obtained on routine examination without 
resorting to concentration of sputums.” 

To determine the relative efficiency of smears made by selection of 
choice particles and smears made by sodium hydroxide concentration, 
a comparison of the two methods under routine diagnostic conditions 
was undertaken. 


Materials and Methods 


Specimens were obtained from three sources, as follows: 

1. Lawson Veterans’ Administration Hospital tuberculosis wards. 
These specimens were usually freshly collected, and direct smears and 
sodium hydroxide concentrates were prepared on the same day. 

2. Georgia Department of Public Health. These specimens were sent 
to the Health Department by practicing physicians throughout the 
State. After examination in the laboratories of the State Health De- 
partment, the remainders of the specimens were forwarded to the 
Tuberculosis Evaluation Laboratory. These were usually 2 to 3 days 
old when received. A 

3. Battey Hospital, a State sanatorium in Rome, Ga. Specimens were 
mailed to us from a distance of about 100 miles, and usually were 
3 to 4 days old when prepared. 

Two methods were employed in making the smears. In the first, 
the smears were prepared directly from the specimens by placing the 
sputum in a Petri dish on a black background, and selecting small bits 
of necrotic material, or cheesy, rusty, or bloody portions from various 
regions of the specimen. These choice particles were separated by 
means of sterile applicator sticks, placed on a slide, crushed and 
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smeared by the rotary motion of another slide. With a minimum of 
experience, workers were able to detect and avoid food particles and 
various other artifacts unlikely to contain the bacilli. The smears 
thus prepared were thicker than the usual bacteriological smears, but 
care was taken to make them thin enough for complete decolorization 
during the staining process. 

In the second method, which employed the concentration and 
sodium hydroxide digestion technique, 2-5 ml. of the specimen were 
transferred to a centrifuge tube and about 10 ml. of 4 percent NaOH 
were added. The tubes were shaken vigorously and then incubated 
at 37° C. for 20 minutes, during which time they were shaken once 
every 5 minutes. After centrifugation, the sediment was neutralized 
with 2 drops of 2N HCl (without indicator) and used for smear. The 
methods of digestion and concentration were those used by the State 
Serum Institute at Copenhagen as reported by Holm and Lester (10). 

The smears of concentrated sputum, as well as the direct smears of 
selected flecks, were fixed on a warm plate at 75° C. for 30 minutes, 
then flamed and placed on a staining rack. ‘The smears were covered 
with filter paper, then saturated with basic carbolfuchsin, and heated 
until the stain steamed gently. The slides were allowed to stand for 
5 minutes, after which the filter papers were removed, the smears 
washed in water and decolorized about 2 minutes in acid alcohol (3 ml. 
conc. HCl to 95 ml. 95 percent alcohol). The slides were again 
washed in water, counterstained 15 to 30 seconds with Loeffler’s alka- 
line methylene blue, rinsed with water and dried. 

After examining a similar number of fields (approximately 10 min- 
utes per slide) the results were summarized as negative and positive. 
In all, 500 specimens of sputum were examined. In the series of com- 
parisons between direct smears and smears of concentrates, shown 
below, better results were consistently obtained by examining direct 
smears made of selected sputum flecks. 


Number Percent 

Positive direct smear—positive concentrate_______________-- 107 21.4 
Positive direct smear—negative concentrate__....__________- 92 18. 4 
Negative direct smear—positive concentrate______________-- 8 1. 6 
Negative direct smear-—negative concentrate______________-- 293 58. 6 


Because of the great difference between the results obtained from 
examining smears made by the two methods, it was suspected that 
faulty technique (such as excessive dilution, prolonged exposure to 
NaOH, or improper neutralization), was responsible for the discrep- 
ancy. With this in view, a new series of 263 specimens was examined 
in which the concentration method was modified so as to achieve a 
more exact neutralization of the sediment. 
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The supernatant fluid was decanted after centrifugation, a small 
piece of sterile nitrazine paper was dropped in the tube and dilute 
hydrochloric acid added drop by drop until the paper indicated neu- 
trality. One drop of this concentrate was placed on a slide, dried, 
and stained as previously described. Each specimen had one smear 
made of select flecks and one made of the digested sediment as 
described. Results of examination of 263 sputum specimens com- 
paring direct smears with smears of the concentrates (exact neutrali- 
zation) are given below. 


Positive direct smear—positive concentrate LEADS 72 27. 4 
Positive direct smear—negative concentrate___.___________- 13 5.0 
Negative direct smear—positive concentrate 0 0.0 
Negative direct smear—negative concentrate ________ 178 67. 6 


The results of this study show a much closer correlation of positives 
for direct smear and positives for concentrated smears. Presumably, 
improved results in the case of the concentrated smears were due to 
the more careful neutralization, which suggests a possible relationship 
between exposure to sodium hydroxide and acid-fastness as mentioned 
by Steeken and Smith (7) and Robinson and Stovall (8) previously 
quoted. 

In view of the better results of more exact neutralization of con- 
centrates, other methods of improving the concentration technique 
were attempted. Instead of using only 2 ml. of sputum to 10 ml. of 
NaOH, the proportions were changed to equal parts of specimen and 
NaOH, and the specimens were shaken in a paint-conditioning machine 
(11) for 10 minutes at room temperature (instead of 20 minutes at 
37° C). <A total of 244 specimens were digested for 10 minutes by 
equal volumes of 4 percent sodium hydroxide, concentrated by centrif- 
ugation at 3,000 r. p. m. for 15 minutes, decanted and the sediment 
neutralized as previously described, using sterile nitrazine paper as 
an indicator. 

As with the previous series, two smears were made from each speci‘ 
men, one directly from selected flecks and one from the concentrated 
sediment. Results of examination of -244 sputum specimens com- 
paring direct smears with smears of the concentrates (equal parts 
sputum and digestant) follow: 


Positive direct smear—positive __ 58 23. 7 
Positive direct smear—negative concentrate__...___________ 19 7.7 
Negative direct smear—positive 3 1.2 
Negative direct smear—negative concentrate_...___________ 164 67.4 
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In this study, concentration yielded fewer positives than direct 
smears. The data par se are of doubtful significance in such a small 
series, but the cumulative value of the several experiments is 
considerable. 

A test of the effectiveness of the macroscopic selection method 
was made after one further attempt to improve the concentration 
technique. To avoid the possibility of washing the concentrated 
smears off the slides, a fixative agent was used. Equal parts of egg 
albumin and glycerine were mixed, filtered through gauze, and applied 
by touching the surface of the slide with an applicator stick wet with 
the fixative. This very small drop of reagent was smeared evenly 
over the surface and allowed to dry. After heat fixation of the speci- 
men, the slides were stained in the usual manner, altering the previous 
procedures only by allowing the slide to cool for 5 minutes in a 
refrigerator before decolorizing and destaining without first washing 
in water as suggested by Stempa (/2). 

A total of 716 sputa were so treated, making 2 smears of each as 
previously described. Results of examination of the 716 sputum 
specimens comparing direct smears with smears of the concentrates 
(fixative, slide cooled, no washing) follow: 


Positive direct smear—positive concentrate_______________- 

Positive direct smear—negative concentrate.__..__________- 36 
Negative direct smear—positive concentrate 
Negative direct smear—negative concentrate_______________ 


Discussion 


In the last series of experiments, the described changes in techniques 
yielded a significantly greater number of positive results from con- 
centrates than were obtained without such changes. This improve- 
ment was attributed to several factors, including the use of relatively 
larger volumes of specimen, shorter exposure to digestant, more exact 
neutralization, the use of a smear fixative, and more attention to 
staining procedures (cooling the slides before decolorizing and using 
care to prevent dislodgement of the bacilli during washing or staining). 
These results indicate, too, the necessity for more reliable techniques 
than are usually used in the preparation of smears by sodium hydroxide 
concentration methods. It is clear, however, that even with the im- 
provements in concentration technique, the direct smear method, 
properly used, consistently yields superior results. 

It should be noted that all experiments were performed by the same 
bacteriologists, so that any change due to personal experience was 
eliminated. Often, a second team of workers reviewed these smears 
and similar results were obtained. 
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An impartial evaluation of the procedures used was made during 
the work of a training class (13) when 7 different workers, trained 
in as many different dependable laboratories, independently prepared 
direct and concentrated smears from 121 sputum specimens. Using 
the techniques described for the third series of comparisons described 
above, these bacteriologists obtained, on the average, 47.1 percent 
positives by the macroscopic selection of material for smears, as 
compared to 40.5 percent for concentrated smears. 

It would appear, therefore, that under the conditions described, 
the simpler technique—direct smears of carefully selected material— 
is superior as a routine procedure to smears made from NaOH 
concentrates. 

References have already been made to articles written by Robinson 
and Stovall (8), and Steenken and Smith (7), wherein the authors 
mention the possible disappearance of the acid-fast properties of the 
tubercle bacilli when subjected to sodium hydroxide digestion. It is 
possible that this accounts for much of the differences in results 
between the methods studied. This would appear to be borne out 
by the fact that most of the improvement came with shorter exposure 
to sodium hydroxide and more careful neutralization. 

There is a probability that differences in specific gravity between 
the bacilli and sodium hydroxide mixtures are not sufficient to insure 
concentration on centrifugation. Hanks, Clark, and Feldman (3) 
wrote of finding tubercle bacilli in the supernatants discarded during 
the routine examination of specimens digested and centrifuged in the 
usual manner. On occasions these authors even found more bacilli 
in the flocculation concentrate of the supernatant than were found 
in the original sodium hydroxide concentrate. 

Whitehead (14), using Hanks’ method, examined 3,046 specimens 
and concluded that: “Concentration, centrifugalization and smears 
of the sediment did not seem to increase the number of organisms 
seen in the smears.” 

In our opinion, the inferiority of NaOH concentration methods 
could probably be attributed to: (a) the loss of bacilli during centri- 
fugation as suggested by Hanks, and (b) loss of acid- fastness, as 
suggested by Steenken. 

The chief use of concentration methods is to supplement the 
direct smear when a specimen is negative by the latter examination. 
A study of the last table reveals this to be true, but only in a small 
number of cases. It is therefore suggested that if one goes to the 
trouble of concentrating the specimen it should be planted on 
culture media where small numbers of tubercle bacilli may be more 
readily detected. 

It is by no means suggested that direct smears made by the selec- 
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tion technique are as reliable as cultivation methods of isolating 
tubercle bacilli from pathological material. One must remember that 
many thousands of tubercle bacilli must be present in pathologica! 
material before the microscopist has a reasonable chance of finding 
them. It must also be stressed that one cannot reliably differentiate 
between pathogenic and nonpathogenic acid-fast bacilli micro- 
scopically. 

Where the choice of method is limited, however, to microscopic 
examination, it is of value to make smears of choice particles of 
pathological material and to learn to select those particles which, 
from the pathologist’s viewpoint, are most apt to contain the tubercle 
bacilli which are present in a given specimen. 


Summary and Conclusions 


1. Four series of sputa, consisting of 500, 263, 244, and 716 speci- 
mens, have been studied. 

2. Smears made of selected particles gave more positive results 
in each series than smears made following concentration of the same 
specimens by the various methods of sodium hydroxide digestion 


used. 
3. Sodium hydroxide digestion and concentration techniques are 


quite exacting in their requirements. 
4. Macroscopic selection is dependable and probably superior to 
sodium hydroxide digestion and concentration by the methods 


described. 
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Characteristics of Commercial X-ray Screens and 


Films—V 


By Wittarp W. Van ALLEN, B. Sc.* 


As reported in a previous issue! the Electronics Laboratory is 
engaged in the evaluation of characteristics of commercial X-ray 
films, screens, and developers in appropriate combinations. The 
results of this work are summarized in these pages from time to time 
in tables giving the speed of screen-film-developer combinations, the 
contrast (gamma) of the films in different developers, and the fog 
developed by the films in these developers. These tables are cumu- 
lative and include the results of previous determinations, corrected 
and revised where necessary. 


TABLE 1.—Speed of fluoroscopic screen-film-developer combinations ' 


Film and developer 2 


Anse Eres DuPont Fluorofilm Eastman Blue Eastman Green 


Screens Photoflure Photoflure 


Eastman| Ansco | Eastman) Ansco | Eastman! Ansco Ansco 
X-ray Liquadol| X-ray |Liquadol| X-ray | Liquadol| X-ray | Liquadol 


' Speeds determined with film and screen in direct contact and therefore do not represent the speed of the 
same combinations when used in a photofluorograph. Subsequent reports will contain data on additional 
developers used in combination with the films and screens shown in this table. These will include: G. E. 
Supermix, Eastman Liquid X-ray, Eastman Rapid X-ray, and Buck X-ray. 

? Development time (as recommended by manufacturer of dev eloper): astman X-ray Developer (dry 
ingredients) 8 minutes at 68° F.; Ansco Liquadol, 4 minutes at 68° F. 


‘Physicist, Rockville Division of Tuberculosis, Public Health Service. 
' Pub. Health Rep. 64; 430 ( 
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TABLE 2.—Speed of intensifying screen -film-developer combinations ' 


Film and developer ? 


Ansco High- DuPont No. 508 film eee’ 26 Brand 


Screens speed film 3 
Ansco Eastman Ansco Eastman Ansco 
| Liquadol X-ray Liquadol X-ray Liquadol 
Buck: 
| 70 55 50 85 90 
60 50 45 70 75 
| 50 40 40 60 65 
Eastman: 
110 90 85 140 145 
Fine grain_____- 85 70 65 110 110 
Definition 60 50 45 75 
Patterson: 
115 80 120 130 
60 55 50 90 80 


! Subsequent reports will contain data on additional developers used in combination with the films and 
screens shown in this table. These will include: G. E. Supermix, Eastman Liquid X-ray, Eastman Rapid 


X-ray, and Buck X-ray. 
2 Development time (as recommended by manufacturer of dev eager): Eastman X-ray Developer (dry 


ingredients) 444 minutes at 68° F.; Ansco Liquadol, 3 minutes at 68° 
3 Test with Eastman X-ray Dev eloper to be reported in a subsequent issue. 


TABLE 3.—Average values of fog and contrast (gamma)! 


Fog densities — Contrast (¢amma)— 


Developer 2 Developer ? 
Film | — 
Eastman Ansco Eastman Ansco 
X-ray Liquadol X-ray Liquadol 
Photofluorographic: 
.21 15 1.9 2.0 
Eastman Blue .07 . 04 1.8 1.8 
Eastman Green -17 2.0 2.1 
Roentgenographic: 
.18 -2 2.6 


! Values obtained with open-tank development and continuous mechanical agitation at 68° F. 

2 Development time as given in tables 1 and 2. Subsequent reports will present similar data for additional 
developers used in combination with the films shown above. These will include: G. E. Supermix, Eastman 
Liquid X-ray, Eastman Rapid X-ray, and Buck X-ray. 


Correction 


The article ““Tuberculosis Mortality in the United States, 1947,’’ Public Health 

Reports, vol. 64, No. 13, April 1, 1949, contained the following errors: 
age 413, teble 5, under headings Percentage Change: Male: 1939-41 to 1947, 

—49.9 should be — 49.4. 

Page 418, table 7, under headings, Percentage change in rate, 1946 to 1947: 
Idaho,’ — 5.5 should be +-5.5. 

Page 421, table 9, under headings, Type of service: Tuberculosis hospitals: 
Wisconsin, 32 should be 323. 
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INCIDENCE OF DISEASE 


No health department, State or local, can effectively prevent or control disease without 
knowledge of when, where and under what conditions cases are occurring 


UNITED STATES 
REPORTS FROM STATES FOR WEEK ENDED APRIL 16, 1949 


Except for very slight increases in the East North Central and 
Mountain Areas, the reported incidence of measles declined during 
the week in all of the nine geographic divisions. A total of 27,750 
cases was reported, as compared with 32,909 last week and a 5-year 
(1944-48) median of 25,616. Of the 19 States reporting more than 
500 cases, only 6, with reports as follows (last week’s figures in paren- 
theses), showed increases: Massachusetts 1,023 (1,001), Ohio 976 (678), 
Georgia 655 (575), Oklahoma 537 (445), Texas 3,013 (2,799), Wash- 
ington 565 (475). The total for the year to date is 343,715 cases, 
as compared with a 5-year median of 250,733, reported for the cor- 
responding period last year. 

The total of 2,606 cases of influenza reported, as compared with 
2,658 last week and a 5-year median of 1,917, is the largest reported 
for a corresponding week of the past 5 years except that of 23,536 for 
the same week in 1947. Only 4 States as follows, reported currently 
more than 101 cases (last week’s figures in parentheses): Virginia 242 
(249), South Carolina 304 (471), Alabama 386 (170), Texas 1,009 
(1,120). The total to date is 61,035, as compared with a 5-year 
median of 179,321 and 324,632 reported for the period in 1944. 

Of 45 cases of poliomyelitis reported (last week 41, 5-year median 
31), 12 occurred in Texas (last week 5), 4 in New Jersey, and 3 in 
California. No other State reported more than 2 cases. The total 
reported for the past 4 weeks, since the average week of seasonal low 
incidence, is 180, as compared with a 5-year median of 109. 

During the week, 3 cases of anthrax were reported, 2 in Pennsyl- 
vania and 1 in New York; 3 cases of Rocky Mountain spotted fever, 
1 each in North Carolina, South Carolina, and Montana; and 2 cases 
of smallpox, 1 in Kansas and 1 in Mississippi. 

A total of 9,232 deaths was recorded during the week in 94 large 
cities in the United States, as compared with 9,495 last week, 9,009 
and 9,751, respectively, for the corresponding weeks of 1948 and 1947, 
and a 3-year (1946-48) median of 9,127. The total for the year to 
date is 147,369, as compared with 151,611 for the corresponding 
period last year. Infant deaths during the week totaled 608, last 
week 611, 3-year median 659. The cumulative figure is 9,915 as 
compared with 10,417, for the corresponding period last year. 
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FOREIGN REPORTS 


CANADA 


Provinces—Communicable diseases—Week ended March 26, 1949.— 
During the week ended March 26, 1949, cases of certain communi- 
cable diseases were reported by the Dominion Bureau of Statistics of 
Canada as follows: 


Prince New Sas- British 
: Nova ue-| On- | Mani- Al- 
Disease Edward ~ | Bruns- - katch- Colum- | Total 
island Scotia wisk ec | tario | toba owen berta bia 
4 5 296 525 22 17 42 257 | 71, 168 
Dysentery: 
131 42) 320 237 222 126 262 158 | 1,498 
Meningitis, meningococ- ; 

ERT 9 5| 241 250 51 39 19 65 679 
Senrtet tever.............- 5 3 133 110 3 1 21 20 296 
Tuberculosis (all forms) --| 4 100 36 18 29 200 
Typhoid and _para- 

Venereal diseases: 

Gonorrhea. - __- ------ 1 4 9 92 52 31 15 29 57 
7 5 106 33 ll 2 8 16 188 
JAMAICA 


Notifiable diseases—4 weeks ended March 26, 1949.—For the 4 weeks 
ended March 26, 1949, cases of certain notifiable diseases were reported 
in Kingston, Jamaica, and in the island outside of Kingston, as 
follows: 


Disease Kingston Disease Kingston 
SS 17 47 || Scarlet 
1 || Tuberculosis (pulmonary) - 43 47 
Dysentery, unspecified _____- 1 | 4 47 
Typkus fever (murine) 2 1 


NEW ZEALAND 


Gilbert Islands—Butaritari (Makin)—Influenza.—An epidemic of 
influenza was reported on the atoll of Butaritari (Makin) in the Gilbert 
Islands, New Zealand, in the month of January 1949. During the 
month 784 cases are stated to have occurred there. 
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REPORTS OF CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND 
YELLOW FEVER RECEIVED DURING THE CURRENT WEEK 


Note.—The following reports include only items of unusual incidence or of special interest and the occur 
rence of these diseases, except yellow fever, in localities which had not recently reported cases. All reports 
of yellow fever are published currently. 

* A table showing the accumulated figures for these diseases for the year to date is published in the PUBLIC 
HEALTH Reports for the last Friday in each month. : 


Cholera 


India—Caleutta.—During the week ended April 2, 1949, 215 cases 
of cholera with 61 deaths were reported in Calcutta, India. 


Plague 


India.—During the week ended April 2, 1949, plague was reported 
in cities in India as follows: Cawnpore 36 cases, 8 deaths; Calcutta 12 
cases, 1 death. 

Smallpox 

Great Britain—England—London.—Information dated April 7, 
1949, state that 1 fatal case of smallpox occured in an isolation hos- 
pital in London during the first 10 days of April 1949. This fatality 
was the wife of a man who died on the steamship ““Mooltan’”’ before 
its arrival at the Port of London on April 4, apparently of smallpox. 
It was assumed that the disease was contracted in Bombay. Accord- 
ing to information dated April 13, 1949, 5 confirmed cases of smallpox, 
4 of them fatal, have been reported in England since the death of the 
above patient. Two suspected cases which have been under observa- 
tion in isolation are considered to be almost certainly smallpox, while 
3 other suspected cases, also under observation, are believed to be only 
chickenpox. These are the first cases of smallpox reported in England 
since the outbreak in the first half of the year 1947. 

India.—During the week ended April 9, 1949, smallpox was re- 
ported in cities in India as follows: Bombay 158, cases, 43 deaths, 
Madras 36 cases, 5 deaths, New Delhi 21 cases, 4 deaths. 

Java—Batavia.—In the current outbreak of smallpox in Batavia, 
Java, 1,425 cases with 108 deaths had been reported in the city up to 
March 16, 1949, 153 cases with 16 deaths within a 30-mile radius, and 
1,022 cases with 100 deaths to the west of Batavia in Bantam District. 
During the period March 6—April 9, 1,260 cases were reported in the 
city. 

Typhus Fever 

Chile—Santiago.—During the period March 20—April 2, 1949, 21 
cases of typhus fever were reported in Santiago, Chile. 

Ethiopia.—Delayed report: During the period October 19—No- 
vember 1, 1948, 27 cases of typhus fever were reported in Ethiopia. 

Transjordan.—During the week ended April 2, 1949, 17 cases of 
typhus fever were reported in Transjordan. 


Yellow Fever 


No reports of yellow fever were received during the current week. 
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DEATHS DURING WEEK ENDED APR. 9, 1949 


[From the Weekly Mortality Index, issued by the National Office of Vital Statistics] 


Week ended 
Apr. 9, 1949 


Data for 94 large cities of the United States: 


16 weeks of Feat... . . 
Deaths under 1 po of age, first 14 weeks of year___...--..------ 
Data from industrial insurance companies: 
Number of death claims_ ELLE 
Death claims per 1,000 policies in force, annual rate. _--._..------ 
Death claims per 1,000 policies, first 14 weeks of year, annual rate 


70, 476, 744 
13, 506 
10.0 
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